INTRODUCTION
The term "comfort" implies that somestate of well-being exists within a person and it is this state of well-being which needs to be investigated. Such a subjective condition is generated by the combined effect of the many physical and psychological factors acting on the person, as well as by the physiological state of the man himself.
Generally speaking, the physical factors present in a transport environmc fall into fairly well-defined groups. The psychological and physiological variables of the individual are, however, far more numerousand less definite. These may range from the passenger's attitude towards the particular vehicle and form of transport to his state of mind and state of health at the time. One of the notable characteristics of the psychological and physiological variables of individual passengers is the large variation which is possible within even a small group of travellers.
It is hot surprising, therefore, that most of the previous work on the comfort of passengers in transport vehicles has been geared to discovering how the "passengers" react to the physical parameters of the environment. In the main such inquiries have been conducted in laboratory conditions, in an environment entirely divorced from the transport situation.
There are only a few studies which were reported before about 1970 which referred to passengers in actual vehicles.
Even nowmost investigators work almost entirely in laboratories.
It was with the aim of obtaining useful information from transport users themselves that a program of work was started at the University College of Swanseawith the financial assistance of the Science Research Council of Great Britain, which included the use of questionnaire surveys carried out on different types of transport systems.
The basic objectives of the surveys designed and carried out by the Department of Mechanical Engineering and the Department of Psychology Jointly are:
(1) Development of questionnaire approach. The paper discusses the items roughly in the order in which they occur in this list, although there are so many cross links that they will be exploited where possible, hopefully to clarify the approach and the results. The paper also draws fully on the information presented in the earlier paper in the symposiumby the sameauthors (ref. 1). 
QUESTIONNAIRE DESIGN ANDRESPONSE RATES Objectives
The basic objective of the questionnaire studies was to obtain quantitatisubjective reactions of passengers to the motion and vibration present in movil vehicles in a form which could be correlated with objective measurementsof th_ vehicle motion and vibration.
A preliminary aim had to be, however, to develo] a questionnaire format which would enable reasonably precise, repeatable, numerical information to be obtained from untrained fare-paying passengers about their reaction to environmental factors, particularly to factors which were not those about which they habitually thought or madecomments.
As the surveys progressed it becameincreasingly apparent that passengers found great difficulty in extracting and considering Just one or two physical parameters (particularly motion and vibration) from all the others present. In addition, the usefulness of any information obtained is diminished if other information concerning aspects of the passenger's reaction to the Journey is not obtained at the sametime.
As a result the questionnaire was enlarged both in its scope and its aims to include as manyas possible of the physical and psychological factors though to be important in determining passenger comfort. Following this enlargement the problems of analysis and interpretation increased considerably. It should be emphasised, however, that the surveys carried out, someof which are to be discussed in somedetail in this paper, were not pieces of unrelated work but were part of an on-going sequence in which the successes and failures of one were used to improve the design and operation of the next.
Layout
Figures 1 to 3 indicate how the design and layout of the questionnaires changedduring the surveys. The questionnaires designed for the first two surveys were printed in horizontal format on small card since it was thought that card would provide more support for passengers to write on than would larger sheets of paper ( fig. 1) . The next survey, and half of the fourth were printed in larger type, but still using the horizontal format ( fig. 2) Car and aircraft ride appeared ve frequently in these situational comparisons, particularly a bad flight to represent an extreme in the vehicle under survey. Table Ill(a) shows an analysis of the 43 single-word responses, from a total of 295 questionnaires in survey I, obtained to a question asking for single words to represent the "least" and the "most" end of a vibration rati_ scale. It is readily seen that all of them have connotations other than simple vibration response -pleasantness, comfort, peace, and so on. Someo_ these words, and others gleaned from the commentssupplied by passengers on "graffiti page" already referred to, were provided as a list on later survey_ (for example, survey III, question 14 in fig. 2 ) and passengers were asked t( select the best description of their feelings.
The results of this are shown in table III(b) and are shown to be even more inconclusive since the words chosen to have a high priority really appear to relate to the quality of the vibration rather than its intensity.
The investigators were left to themselves to make a choice from inconcll data. After somelaboratory studies (ref.
2) they decided to use the concept of smoothto rough to form the ends of a rating line in a later survey (surv¢ VI), primarily on the grounds that roughness was a concept less tied (in theJ opinion) to pecularities of the ride motions of particular vehicles than the other words selected. Additionally, from analysis of the free style respons_ produced by manypassengers, somesituational experiences, which were though_ to be readily understandable by a maJority of peeple questioned, were drafted for use as end points on rating scales. The use of these is described in so_ detail in the latter part of the next section.
The situational scale ends devised for and used in survey III, IV and V are shown in table IV.
EVALUATION OF RATINGTECHNIQUES

Limitations of Techniques Available for Field Studies
As has been stated earlier, the primary objective of the questionnaire surveys was to obtain numerical estimates of the severity of the relevant environmental factors from passengers in actual service vehicles.
These coul then be comparedwith objective measures of the physical parameters deemedto be those most relevant to the factors under consideration.
There are two fundamental limitations which are inevitably imposed on anl quantitative scaling method under field conditions.
The first is that the methodused will probably be of the pencil and paper variety.
Theoretically it would be possible to use certain psychophysical techniques such as crossmodality matching of riding vibration by the use of noise signals.
However, there are usually practical difficulties involved in using such techniques, either difficulties of application or difficulties of calibration and interpr, tation.
The second difficulty is that during the course of the survey the stimul within the passengers' environment are generally at one predominant level witl only relatively short term excursions from that level.
Train noise, for example, is generally of about the sameorder except when the train is crossing points or moving through a tunnel. Even for vehicle types such as the cross-channel hovercraft, major changes in weather do not usually occur within the space of a week or so, and one to two weekswas the time alloted for most of the surveys on financial grounds. 
Situational Scale Ends
Figures 7 and 8 show comparisons between ratings madealong a i0 cm ratin line and those madeby ascribing a number to the stimulus of the samevehicle using the samescale ends. Ratings were generally madeat the sametime by different people using parallel forms of questionnaires, the numbers being carefully matched so that equal numbers of each form were distributed on each Journey. It can be seen that the relationship between the line and magnitude estimation ratings is very good for noise ( fig. 7 ), but not so good for vibration ( fig. 8) .
It was the authors' intention in selecting the scale ends to try to find situations which could be clearly understood and accepted by as manypeople as possible. The hope was that they could also be used as a physical scale (with in reason) by using averages of physical measurementsappropriate to the situations as the scale ends. It is not suggested, incidentally, that the close match between train and hovercraft vibration lines is other than coincidence. However, examination of the points on figures 1S and 14 indicates that the root-mean-square acceleration values which actually occur in the hovercraft lie within the range 0.2 to 1.5 m/sac2 for both frequency bands examined, and it seemsreasonable to suggest that extremes of passenger ratings on the Journeys sampled would coincide approximately with extremes of physical values.
On this basis the agreement between the hovercraft lines of figure 18 and the lines of figure 15 is quite good. The only obvious discrepancy is that the relative positions of the motion and vibration lines are interchamged between the two figures.
The fact that reasonable looking curves can be obtained from the sort of arguments which have been used in this section is encouraging. Agreement of a sort between two different uses of the data is fairly good and indicates that there is good reason to believe that passengers can be induced to provide information about vibration and motion effects.
The pursuit of more elaborate techniques for analysis of the data is therefore worthwhile, and in due course, when equipment and programmesare working properly, this will be done.
EFFECTS OF AGE, SEXANDJOURNEY TIME ONIMPORTANT ENVIRONMENTAL FACTORS
This section will discuss someaspects of the passenger and his Journey and their effect on the passenger's overall assessment of his journey comfort. The overall intention was to evaluate more clearly the importance to passengers of the various factors which makeup the total comfort effect and how these change with time.
Relative Importance of Environmental Factors
In the train study it was decided to try to discover whether passengers were confusing two types of questions. The first type asks how important a particular environmental factor is to a passenger's feeling of comfort. The second type asks for a specific subjective rating of the level of that factor in a particular vehicle.
There had been somedoubt from reading passenger commentsin previous studies as to whether passengers were actually providing ratings of intensity levels when asked to do so, or whether they were really indicating importance of a parameter relative to someundefined datum.
To do this, a separate single-sheet question set was issued to the passengers on the train in addition to the questionnaire.
The relevant portion of the separate sheet is shownin figure 19, and 
Effect of Jeurney Time
Finally, someinformation about the effects of time of exposure can be deduced. On questionnaires distributed during surveys V and VI passengers were asked to write the time at which they completed a certain part of the task. By subtracting the journey start time from this someguidance as to length of exposure to that particular Journey could be obtained. The exposure time varied from 0 to 20 minutes for the hovercraft trip, and from 0 to 150 minutes for the train ride. Correlation of the estimated trip duration with ratings of vibration effect, overall motion effect and with overall comfort indicated no discernable change for a period up to 150 minutes. This is in complete contradiction to the predictions in ISO 2361 (ref. 6) which indicates a change from lO0 percent acceptance at _ minutes to about 30 percent acceptance at 150 minutes, thus indicating, in the view of the authors, the falsity of the IS0 time dependencepredictions for reduced comfort at these levels of vibration.
There are, however, indicated changes over long Journey times in the relative importance of different environmental factors on comfort. Figures  2_ and 25 indicate cumulative plots of the quoted dominant factors for the hovercraft (up to 20 minutes) and for the train (up to 140 minutes). Allowing for variations due to small group sizes, there is no significant change over the indicated 16 to 17minutes, but there is an indication that there may be an increase in the importance of seat comfort towards the end of the Journey, with vibration and motion decreasing in importance accordingly.
For the longer train journeys the markedchange is the increase, as time goes on, of the rating of temperatures at the expense of noise and vibration.
CONCLUDING REMARKS
The work described set out to determine whether or not questionnaire studies of ordinary fare-paying passengers in public service vehicles could be used to provide repeatable and reliable information about individual environmental parameters.
The results have exceeded expectations. They show that, provided due care is taken in the design of the questionnaires, high response rates can be obtained. The use of a format in which the samequestion is asked in different ways, or the use of parallel forms in which different groups of people are asked the samequestion in different ways, enables cross checks on numerical ratings to be carried out in a way which enhances their value and meaning.
The surveys have also provided an appreciable amount of information about the effects of different physical, demographic and personal factors in ride comfort, muchof this being in an understandable numerical form which can be used directly in further analyses. 
